The volatile constituents of the essential oil of local Pelargonium graveolens growing in Egypt was investigated by gas chromatography-mass spectrometry (GC-MS), and the main constituents were citronellol (27.67%), cis-Menthone (10.23%), linalool (10.05%), eudesmol (9.40%), geraniol formate 6.87%, and rose oxide (5.77%), which represent the major components in the obtained GC total ion chromatogram. The structural determination of the main constitutes based on their electron ionization mass spectra have been investigated. The MS of these compounds are absolutely identical in mass values of peaks of fragment ions, where their relative intensities have minor differences. In the spectra of all studied compounds, the observed characteristic ions were [M-H 2 O] + and [M-CH 3 ] + . The latter has a structure with m/z 69, 83. Different quantum parameters were obtained using Modified Neglect of Diatomic Overlap (MNDO) semi-empirical method as total energy, binding energy, heat of formations, ionization energy, the energy of highest occupied molecular orbital (HOMO), the energy of the lowest unoccupied molecular orbital (LUMO), energy gap ∆, and dipole moment. The antibacterial and antifungal activities of P. graveolens essential oil and identified compounds were tested against wide collection of organisms. The individual identified compounds in the essential oil-citronellol, cis-Menthone, and linalool (except eudesmol)-showed comparable activity to antibiotics. The most active isolated compound was the citronellol and the lowest MIC was found against E. coli. The essential oil showed high antifungal effects and this activity was attributed to cis-Menthone, eudesmol, and citronellol (excluding linalool). cis-Menthone was the most active compound against selected fungi followed by the eudesmol The study recommends local P. graveolens and identified active compounds for further applications in the pharmaceutical industries.
Introduction
Essential oils are natural complex and volatile compounds that are produced by plants as secondary metabolites that may control pests, bacteria, fungi, and viruses [1] [2] [3] . The antifungal, antioxidant, antitumor, antiviral, and antibacterial activities of these compounds is widely studied [4] [5] [6] [7] . Pelargonium graveolens (Geraniaceae) is a species in the Pelargonium genus, whichs contain~250 species originated from South Africa and is often called a geranium. The essential oil of P. graveolens is one of the most expensive essential oils used in the perfumery, flavoring, and cosmetics [8] .
Mass spectrometry (MS) techniques have an important role in the development of natural products industry over the five decade. It provided a starting point for the identification or structure determination of the most of natural products as well as the molecular weight [9] . MS techniques can provide a lot of structural information with little expenditure of the studied molecules based on their electron ionization (EI) mass spectra and electron ionization (EI) mass spectra [10] . The fragmentation of ionized molecule depends mainly on their internal energy [11] . Also, semi-empirical (MNDO) is a quantum mechanical method for the determination of thermochemical properties of molecules used in chemistry and physics to determine the electronic structure of molecules, and represents the most successful method to calculate the structure of matter and complement experimental investigations [12] [13] [14] . The chemical composition of the essential oil using gas chromatograph mass spectrometer (GC-MS) of different Pelargonium species such as P. odoratissimum and P. graveolens have been reported [15, 16] . However, to the best of our knowledge, neither complete mass spectra nor structure elucidation of the essential oil constituents of P. graveolens using EI mass spectra have been reported. Further, the thermodynamics properties of these essential oil constituents using MNDO calculations have not been reported before [16] [17] [18] .
Bacterial and fungal infections may cause severe diseases in humans and animals [1, 19, 20] . Secondary metabolites, including essential oils, are considered natural products commonly used to control fungal and bacterial diseases [1, 2, 7, 21, 22] . P. graveolens essential oils had been reported in few studies; however, a full picture of the activity and the magnitude of each major essential oil constitute as antimicrobial agent had not been investigated before [15] [16] [17] [18] . Furthermore, the large number of species belonging to Pelargonium and ecotype variation influenced the results of these studies.
The aim of the present study is to investigate the use of GC-MS in the identification of the chemical composition of P. graveolens essential oils and to elucidate the molecular structure of the main essential oil constituents based on their electron ionization mass spectra. In addition, we applied the theoretical MNDO calculations, including geometrical structures optimization and thermodynamic parameters. The obtained data will aid in understanding the bioactivity of the studies components. Further, this study aims to investigate individual essential oil constitutes antimicrobial activities against different bacteria and fungi.
Results and Discussion

GC-MS
The total ion chromatogram recorded by GC-MS of the P. graveolens essential oil is shown in Figure 1 , and the total chemical composition is shown in Table S1 (Supplementary Information), which contained 30 identified compounds. These components consist of hydrocarbons (represent 16%), such as pinene, limonene, and oxygenated components (with one oxygen atom) represent 72%, and linalool, D-menthone, and oxygenated (with two oxygen atoms) represent 11.5%, such as geraniol formate. The main components in P. graveolens; (R) Citronellol (17.33%), cis-Menthone (10.23%), β-Linalool (10.05%), Eudesmol (9.40%), geraniol formate (6.87%), and rose oxide (5.77%). The essential oil composition of obtained in this study is different than other previous studies. Previous investigation on P. graveolens from North India revealed a different composition: citronellol (33.6%), geraniol (26.8%), linalool (10.5%), citronellyl formate (9.7%), and menthone (6.0%) [23] . In addition, another report from Tunisia revealed another ratios of major compound: citronellol (21.9%), citronellyl formate (13.2%), geraniol (11.1%), eudesmol (7.9%), geranyl formate (6.2%), and (l)-linalool (5.6%) [24] . There is great diversity with the species ecotypes which is reflected in major essential oil constitutes and biology activities. 
Mass Spectrometric Observations about the Fragmentation of the Studied Compounds Under EI Conditions
The fragmentation of the main components of P. Graveolens by electron ionization at 70 eV with single quadruple mass spectrometer based on its mass spectra were reported, as shown as in Scheme 1. The compounds investigated in this study fit into two groups. The first group comprises the compounds citronellol, linalool, and eudesmol, which have a hydroxy (OH) group through its structures. The second group comprises menthone and geraniol formate with oxygen as carbonyl-C-O group. Although the last studied compound (rose oxide) has a hetero oxygen atom in six cyclic ring.
Fragmentation Pattern of Citronellol Compound
When studying the mass spectra of all main components of P. graveolens essential oil, it could be concluded that the molecular ions of these compounds have low abundance as smaller peaks, which indicates that the molecular ions are unstable at 70 eV. The first fragmentation pathway of the molecular ion of citronellol is the formation of the fragment ion at m/z 138 (Scheme 1). This could be could be explained by the formation of [M-H2O] +• ion, which loses the H2O from the molecular ion. In addition, the ion [M-H2O] +• can be fragment by three ways. First by loss of a CH3 • radical to produce the fragment ion [M-H2O-CH3] + at m/z 123. The second way is by the loss of a C3H7 • radical to produce [M-H2O-C3H7] + at m/z 95. The third way is by the loss of C4H9 • to produce [M-H2O-C4H9] + at m/z 81.
The second fragmentation pathway of the molecular ion of citronellol is by the simple cleavage to produce directly the fragment ion C5H9 + with m/z 69, which represents the base peak in the mass spectrum as shown in Figure 2a . 
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Fragmentation Pattern of Linalool Compound
The mass spectrum of linalool shows very low abundance of the molecular ion peak, which could be explained by the instability of the hydroxyl group at C3 atom. The first fragmentation pathway of the molecular ion of linalool is the formation of the fragment ion at m/z 136. It is certainly due to the formation of [M-H2O] +• ion by the loss of H2O from the molecular ion. In addition, the fragment ion [M-H2O] +• could be fragmented by the loss of CH3 • radical to produce the fragment ion [M-H2O-CH3] + at m/z 121. This fragment ion could be fragmented by two ways: First, by loss C3H5 • radical to produce [M-H2O-CH3-C3H5] + ion at m/z 80. Second, by the loss of C2H4 to produce [M-H2O-CH3-C2H4] + ion at m/z 93. In addition, it may be formed directly from [M-H2O] +• ion by the loss of C3H7 • radical, which is reflected in the chromatogram with highest peak as shown in Figure 2b . The second fragmentation pathway of the molecular ion of linalool is with the simple cleavage to produce directly the fragment ion C5H9 + at m/z 69 as shown in Scheme 1.
Fragmentation Pattern of Menthone Compound
The menthone mass spectrum is shown in Figure 2c . It is clear that the loss of C3H6 with McLafferty rearrangement is eliminated from menthone molecular ion to form the C7H12O + ion at m/z 
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The mass spectrum of linalool shows very low abundance of the molecular ion peak, which could be explained by the instability of the hydroxyl group at C3 atom. The first fragmentation pathway of the molecular ion of linalool is the formation of the fragment ion at m/z 136. It is certainly due to the formation of [M-H 2 • radical, which is reflected in the chromatogram with highest peak as shown in Figure 2b . The second fragmentation pathway of the molecular ion of linalool is with the simple cleavage to produce directly the fragment ion C 5 H 9 + at m/z 69 as shown in Scheme 1.
Fragmentation Pattern of Menthone Compound
The menthone mass spectrum is shown in Figure 2c . It is clear that the loss of C 3 H 6 with McLafferty rearrangement is eliminated from menthone molecular ion to form the C 7 H 12 O + ion at m/z 112, which represents the base peak in the spectrum. This ion is fragmented by the loss of CH 3
• radical to form C 6 H 9 O + ion at m/z 97, the latter is fragmented by the loss of CO to form C 5 H 9 + at m/z 69.
The second fragmentation process of menthone molecular ion is the loss of CH 3 • radical directly to form C 9 H 15 O + ion at m/z 139, which could be fragmented by the loss of CO to produce the C 8 H 15 + ion at m/z 111. On the other hand, the molecular ion could be fragmented directly to form the two fragment ions C 5 H 8 O + and C 5 H 9 + at m/z 84 and 69 as shown in Scheme 1, respectively.
Fragmentation Pattern of Eudesmol Compound
The most characteristic fragmentation pathway for eudesmol molecular ion is the formation of the fragment ion C 15 H 24 +• at m/z 204 in the mass spectrum (Figure 2d ), which is certainly due to the ion to form the fragment ion C 6 H 9 + at m/z 81 as shown in Scheme 1.
Fragmentation Pattern of Geraniol Formate Compound
The electron ionization mass spectrum of geraniol formate shows low relative abundance of the molecular ion peak as shown in Figure 2e . The molecular ion of geraniol formate undergoes fragmentation to form the fragment ion C 5 H 9 + at m/z 69 directly by simple cleavage which represent the base peak in the spectrum. In addition, the molecular ion could be fragmented with McLafferty rearrangement process by the loss of H 2 CO 2 to form the fragment ion C 10 H 16 + (monoterpene hydrocarbon) at m/z 136, which consequently form the fragment ion C 7 H 9 + at m/z 93 by the loss of CH 3 • radical as shown in Scheme 1.
Fragmentation Pattern of Rose Oxide Compound
The mass spectrum of the rose oxide gives the molecular ion C 10 H 18 O +• at m/z 154 with small relative intensity as shown in Figure 2f . The first fragmentation process of the molecular ion of rose oxide is the formation of the fragment ion C 9 H 15 O + at m/z 139 by the loss of CH 3
• radical with simple cleavage which represent the base peak in the mass spectrum. The second fragmentation process is to form the fragment ions C 5 H 9 + at m/z and C 3 H 7 O + at m/z 83, which are formed by hydrogen atom rearrangement processes as shown in Scheme 1. 
Computation Method
The geometry of major essential oil constitutes of P. graveolens has been optimized based on the molecular mechanics and semi-empirical calculations implemented in the molecular modelling program HyperChem7.0. program. Semi-empirical calculations were carried out using the routine MNDO and Ploak-Ribiere conjugated gradient algorithm. To optimize the structures, the Ploak-Ribiere conjugated gradient algorithm was used to obtain the molecular properties including heat of formation, ionization energy, highest occupied molecular orbital (HOMO), the energy of the lowest unoccupied molecular orbital (LUMO) energies, dipole moment, atom charges, total energy, binding energy, and nuclear energy of the studied molecules. The calculated thermochemical properties of the studied components considered are shown in Table 1 . Note that all studied components (except rose oxide) have high and negative values heats of formation, which indicate that these are thermodynamically stable molecules. The positive value of the heat of formation of rose oxide could be attributed to the presence of a hetero oxygen atom in the six cyclic ring. The different structures of these components are determined based on the lowest energy that stabilizes the structure. The MNDO showed non-planar structures in all components (except rose oxide) as more stable molecules as shown in Figure 3 . The total energies of the studied components have been calculated by this quantum chemical method, which is −42657 kcal.mol −1 for rose oxide and −60183 kcal.mol −1 for ç-Eudesmol. Electron affinity (EA) is a measure of the power of the molecule to granting electron when adding the electron LUMO. From Table 1 , note that citronellol, linalool, and geraniol formate have the most electron affinities more than other studied components. This could be attributed to their long chain structure and the presence of the single and double oxygen bond, whereas cis-Menthone, eudesmol and rose oxide have the cyclic structure. Further, cis-Menthone and rose oxide have the lowest values (0.390 and 0.823 eV), respectively, because they have a saturated six cyclic structures. In rose oxide molecule, replacing carbon with the oxygen atom in the ring could lead to increased ability of electron affinity of the molecule. The hyper activity of this molecule is confirmed by the largest value of energy gap (−10.505038 eV). In addition, the ionization energies (IEs) for citronellol, linalool, and geraniol formate have nearly the same values (8.8 eV), whereas cis-Menthone has the highest value (9.5 eV) due to the presence of ketone form C = O group as well as the lower value of heat of formation −63 kcal.mol −1 . On the other hand, rose oxide has the lowest value (7.1 eV) of ionization energy and at the same time it has the highest value of heat of formation (∆H F (M) = 110 kcal.mol −1 ). Molecular orbitals (MO's), including the HOMO, LUMO, and the energy gap (Egap), are considered important parameters for quantum chemistry. The way the molecule interacts with other species could be determined, and then named as Frontier Molecular Orbitals (FMOs). HOMO, could be considered as the outermost orbital that contain electrons, and act as electron donor [25] . LUMO is the innermost orbital that have free places accepting electrons. A small frontier orbital gap molecules are more polarizable and associated with a high chemical activity as well as low kinetic stability [26] . To get insight to the energetic behaviour of the studied components, we have performed MNDO method calculations in ground state and the results are shown in Table 2 . The 2D plots of the HOMO, LUMO frontier orbitals are depicted in Figure 4 . The positive phase is presented in red colour and the negative one is in green. The energy gap of HOMO-LUMO explains the eventual charge transfer interaction within the molecule, the increasing value of the energy gap and of the molecule becomes more stable, as shown in Table 2 . cis-Menthone is the most stable molecule with energy gap 9.737401 eV. The ionization energy (IE) that resulted from the highest occupied molecular orbital is smaller for all studied molecules except cis-Menthone which have the highest IE = 9.5 eV. This could be explained by the presence of a double oxygen bond coupled with the sixth cyclic ring as a ketone group. In addition, rose oxide have the smallest IE = 7.1 eV due to the presence of the oxygen as a hetero atom in the sixth cyclic ring, which carries a positive charge.
The molecule dipole moment is an important electron property which represents a generalized measure of bond properties and charge densities [27] . The dipole moments values of the 1,2,4 molecules (1.4, 1.5 and 1.3 debye) have nearly the same values. This could be explained by the symmetric distribution of the charge atoms of these molecules. A molecule which have electron accepter group because of improved charge distribution and increasing distance have higher dipole moment, which is the case in geraniol formate and cis-Menthone molecules ( Table 1) , they have higher dipole moment (3.9, 2.4 Debye). These high values could be attributed to the presence of single and double oxygen bonds in these structures as polar groups. Rose oxide has the lowest dipole moment value (0.6 Debye) because the electronic configuration (C-O-C) is nearly homogenous.
Possible Correlation Between the Activity and the Semi-Empirical Calculations
From the calculated heat of formations ∆H F (M) of the studied components (Table 1) , it was obvious that all components have negative values (except rose oxide) that confirm that these components have relatively high stabilities. The dipole moment of the molecule gives information on the polarity of these molecules. The large dipole moment may increase its reactivity. This means that geraniol formate and cis-Menthone have a tendency to interact with other molecules, as shown in Table 1 . The energies of HOMO and LUMO are not activity descriptors, but can be connected to the activity of molecules under study. Higher HOMO energies indicate better electron-donating properties of a molecule and the lower HOMO energy point to the lower activity of the molecule (e.g., antioxidant or antimicrobial) [28, 29] . The values of HOMO, LUMO, and energy gap of the first group are listed in Table 2 . It was clear that cis-Menthone, citronellol, and linalool compounds have better electron donating properties and high activities than the other studied compounds which was confirmed by antimicrobial activities assays and had not been studied before in P. graveolens.
Antibacterial Activities
P. graveolens essential oil showed high antibacterial effects against all tested bacteria (Table 3) . Individual identified compounds in the essential oil: citronellol, cis-Menthone, and linalool, (except eudesmol) showed comparable activity to antibiotics. Eudesmol was almost inactive at low dosages. The most active isolated compound was the citronellol and the lowest MIC was found against E. coli (0.007 ± 0.0003 mg mL −1 ). E. coli, L. monocytogenes, and B. cereus were the most sensitive bacteria. In P. graveolens L'Her from Iran, the essential oil showed no activity against L. monocytogenes, which could be explained by that major constitutes were completely different than our study (β-citronellol 36.4%) [18] . In Pelargonium roseum from South Africa the major constitute identified was citronellol (39.97-43.67%) and showed antibacterial effects comparable to antibiotics against P. aeruginosa and S. aureus [17] . Previous investigation on citronellol reported comparable bioactivity against E. coli and S. aureus to that reported here [30] . In Mentha longifolia L. essential oils (menthone 20.7-28.8%), the antimicrobial study showed MIC ranging from 0.195 to 3.12 × 10 3 µg mL −1 against most bacteria [31] . In another study, the menthol (structurally related to menthol) showed moderate activity against E. coli and others [32] . In agreement with our results, no study revealed obvious antibacterial effects of eudesmol against most bacteria. The bioactivity of the essential oil of P. graveolens against bacteria is mainly attributed to the active compounds within the essential oils including citronellol, cis-Menthone, and linalool only. 
Antifungal Activities
Pelargonium roseum essential oils showed high antifungal effects against selected fungi, as shown in Table 4 . The MIC and the MFC were relatively low in the experiment. However, the linalool showed the lowest activities against fungi compared to other compounds. cis-Menthone was the most active compound against selected fungi (MIC: from 0.07 ± 0.01 to 0.17 ± 0.01 mg mL −1 ). Also, the eudesmol showed relatively high antifungal activities with MIC ranging from 0.21 ± 0.01 to 0.47± 0.02 mg mL −1 . The activity of the essential oil of P. graveolens is mainly attributed to cis-Menthone, eudesmol, and citronellol only. For our knowledge, this is the first study revealing this conclusion. In a previous investigation, the linalool was active against oral C. albicans at MIC = 1.000 mg mL −1 , which is comparable to this study [33] . The analyses of the antifungal activities of the essential oils (mainly composes of eudesmol derivatives) of heartwood in several trees of Cupressaceae, revealed comparable antifungal effects to reference drugs against C. albicans [19] . Using the inhibition zone technique, P. roseum essential oils were active against most bacteria and a complete inhibition was observed in C. albicans [17] . 
Materials and Methods
Pelargonium graveolens leaf samples were collected from plants growing in Zagazeg University campus in July 2018 (24-30 • C). The plants were identified at the Botany Department, Faculty of Agriculture, Zagazeg University, Egypt, and a voucher specimen has been created.
Essential Oil Extraction
Dried leaves (1.5 kg) of P. graveolens were subjected to 3 h of hydro-distillation in a Clevenger-type apparatus. The oil was separated, then dried under anhydrous sodium sulfate (Na 2 SO 4 ). The oil was stored in the dark at 6 • C until further analysis.
Gas Chromatography-Mass-Spectrometry Analysis
A Facous GC-DSQ mass spectrometer (Thermo Scientific, Waltham, MA, USA) was used in the Egyptian Atomic Energy authority, Nuclear Research Centre, Experimental Nuclear Physics Department, Atomic and Molecular Physics Unit. The machine was loaded with A3000 autosampler and TR-5MS Capillary column (0.25 µm film thickness, 30 m length, and 0.25 mm i.d.). Temperature increase was from 55 • C to 200 • C (5 • C min −1 ) and a final temperature of 300 • C. The carrier gas was the helium (1 mL min −1 ). The components were identified tentatively by comparing the retention times and mass spectra with those of WILEY (Wiley, 9th Edition Version 1.02) and NIST 05 (NIST version 2.0d) databases.
Antibacterial Activity
The antibacterial activities against Listeria monocytogenes (clinical isolate), Bacillus cereus (ATCC 14579), Micrococcus flavus (ATCC 10240), Escherichia coli (ATCC 35210), Staphylococcus aureus (ATCC 6538), and Pseudomonas aeruginosa (ATCC 27853) were assayed using the micro-dilution method [20, 34] . A bacterial inoculum (1.0 × 104 CFU per well) was mixed in microtiter plates with essential oil serial dilutions then incubated at 37 • C for one day in a rotary shaker. The minimum inhibitory concentration (MIC) and the minimum bactericide concentration (MBC) were determined by subculturing using serial dilutions of essential oil. The optical density was determined at a wavelength of 655 nm. Streptomycin was used as antibiotic at 0.01-10 mg mL −1 . This array of bacteria causes several human diseases [35] [36] [37] .
Antifungal Activity
The leaf extracts antifungal effects were determined using various economically important fungi, including Candida albicans (ATCC 12066), Aspergillus flavus (ATCC 9643), Penicillium ochrochloron (ATCC 48663), A. ochraceus (ATCC 12066), A. niger (ATCC 6275), and Penicillium funiculosum (ATCC 56755). The microdilution technique was used in this assay [7, 20, 34] . Ketoconazole served as positive control (1-3500 µg/mL). Commercial standards (Sigma-Aldrich, Berlin, Germany) were used for comparison reasons.
Conclusions
This is the first study applying MNDO on P. graveolens essential oil main constitutes and investigating the biological activities of these compounds. The experimental GC-MS data revealed that P. graveolens major constituents were citronellol (27.67%), cis-Menthone (10.23%), linalool (10.05%), eudesmol (9.40%), geraniol formate 6.87%, and rose oxide (5.77%). Using the obtained electron ionization mass spectra of these compounds, the fragmentation processes observed were the loss of H 2 O and CH 3 radical, further fragmentation pathways were reported and discussed. These experimental data together with the MNDO revealed in-depth information about the chemical behavior of the studied molecules which are important for many chemical and medical applications. P. graveolens essential oil showed high antibacterial effects against all tested bacteria. The individual identified compounds in the essential oil-citronellol, cis-Menthone, and linalool (except eudesmol)-showed comparable activity to antibiotics. The most active isolated compound was the citronellol and the lowest MIC was found against E. coli (0.007 ± 0.0003 mg mL −1 ). The essential oil showed high antifungal effects. The activity of the essential oil of P. graveolens is mainly attributed to cis-Menthone, eudesmol and citronellol only (excluding linalool). For our knowledge, this is the first study revealing this conclusion. cis-Menthone was the most active compound against selected fungi (MIC: from 0.07 ± 0.01 to 0.17 ± 0.01 mg mL −1 ). Also, the eudesmol showed relatively high antifungal activities with MIC ranging from 0.21 ± 0.01 to 0.47 ± 0.02 mg mL −1 . The study recommends local P. graveolens and identified active compounds for further investigations to explore possible uses in the pharmaceutical industries.
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